Background: Transforming growth factor-β1 (TGF-β1) is a multifunctional cytokine involved in cancer development. The diagnostic significance of serum levels of transforming growth factor-β1 (sTGF-β1) in the oesophageal squamous cell carcinoma (ESCC) remains unclear. The aim of the study was to analyze sTGF-β1 concentrations in ESCC patients. The sTGF-β1 levels were assessed according to the clinical parameters in cancer patients. We determined sTGF-β1 concentrations in ESCC patients before and after oesophagectomy. The correlation between sTGF-β1 and serum levels of vascular endothelial growth factor (sVEGF-A) was examined as well. Material and methods: The study included 115 patients with ESCC and 57 healthy controls. Concentrations of sTGF-β1 were measured by ELISA tests and were compared with clinical parameters of cancer patients. Serum samples for sTGF-β1 evaluation 3 months after surgical resection were available in 41 cases. Results: Serum TGF-β1 level was significantly higher in ESCC compared to the control group (p < 0.001). Serum levels of TGF-β1 positively correlated with the depth of tumour invasion (p = 0.042). There were no differences in sTGF-β1 levels in patients stratified by the presence of regional and distant metastases and stage of cancer progression. The level of sTGF-β1 was significantly lower in ESCC patients after oesophagectomy than before surgical treatment (p = 0.002). A positive correlation between sTGF-β1 and sVEGF-A (p = 0.017) was observed. Conclusion: TGF-β1 seems to play an important role in tumour progression in ESCC. Further studies are needed to evaluate the utility of this cytokine as possible marker of ESCC.
Introduction
Oesophageal squamous cell carcinoma (ESCC) is the most common histological type of oesophageal cancer [1] . The prognosis for patients with ESCC is poor, despite recent substantial improvements in screening, diagnosis and treatment of this tumour. Surgical resection is possible only in 15-20% of diagnosed patients and 5-years survival is lower than 10% [2] . The poor outcome observed in ESCC patients is in part related to tumour growth and progression processes, which can be very intensive in this cancer type [3] . For that reason searching for tumour markers allowing for early cancer diagnosis and monitoring of the disease course and treatment effectiveness seem to be very important.
Transforming growth factor-β1 (TGF-β1) is multifunctional regulatory protein that affects on many cellular processes: extracellular matrix formation, apoptosis, immune function, and angiogenesis [3] [4] [5] [6] . TGF-β1 inhibits the proliferation of normal epithelial cells and early well-differentiated epithelial tumour cells [7] . However, during tumour progression cancer cells lose their sensitivity to inhibitory effects exerted by TGF-β1 [5] . In the latest phase of tumour growth the TGF-β1 acts as stimulator of angiogenesis and tumour progression and as an inhibitor of host immune functions [8] . A number of studies have demonstrated enhanced tissue expression of TGF-β1 in many different malignancies, including breast [9] , colorectal [10] , small intestine [11] , gastric [12] and oesophageal adenocarcinomas [13] . The overexpression of TGF-β1 mRNA in ESCC has also been demonstrated [14] . However, a little is known about the concentration of serum TGF-β1 (sTGF-β1) in ESCC patients. The aim of the present study was to analyze sTGF-β1 concentrations in relation to clinicopathological parameters in ESCC patients. We also examined whether there are any differences between sTGF-β1 concentrations before and after curative resection of oesophageal tumours.
Material and methods
The present study included 115 patients (23 females and 92 males, median age 61 years) treated for ESCC between 2005 and 2009 in the Department of Gastrointestinal and General Surgery, Silesian Piasts University of Medicine in Wroclaw. Blood samples were collected from ESCC patients preceding any treatment. On the basis of clinical evaluation palliative treatment was administered in 74 patients. In 41 patients surgical exploration resulted in curative oesophagectomy with lymph node dissection. All of these patients were resubmitted to our clinic 3 months following oesophagectomy for the reconstruction procedures and blood was sampled once more for second evaluation.
According to the TNM classification system for oesophageal carcinoma [15] Sera from 57 healthy blood donors, obtained from the Regional Centre of Blood Donation and Therapeutics in Wroclaw, Poland were used as a control group. There were 44 males and 13 females, median age 57 years. Blood samples from the peripheral vein were collected in sterile test tubes, clotted (15 min, RT) and centrifuged (15 min, 900 × g). The obtained sera were stored at -80°C until assayed.
Concentrations of sTGF-β1 were measured by enzymelinked immunosorbent assay (ELISA) using the test supplied by RnDSystems (Abingdon, UK). The sensitivity of the assay was 4.61 pg/ml, the intra-assay coefficient of variation was 1.9-2.9%, and inter-assay coefficient of variation was 6.4-9.3%. Before running the assay, all samples were activated with 1 M hydrochloric acid, followed by 1.2 M NaOH/0.5 M HEPES. All samples were run in duplicates. For the purpose of correlation analysis, data on sVEGF-A in our patients were retrieved from previous publications [16] .
Data distribution was analysed with the Shapiro-Wilk normality test. Concentrations of sTGF-β1 are presented as median and interquartile range (Q25-Q75). The Mann-Whitney U test applied for groups comparison. The effect of gender and the disease stage was co-examined with Friedman test. The Wilcoxon's matched pairs test was used to analyse differences between the levels of factors before and after surgery. The Spearman's rank correlation test was used for correlation analysis. Values of p < 0.05 were considered statistically significant. The statistical analyses were performed using Statistica 9.0 software.
The Medical Ethics Committee of Silesian Piasts University of Medicine in Wroclaw, Poland approved the study protocol.
Results
The concentration of sTGF-β1 was significantly higher in ESCC patients than in healthy controls, both when oesophagectomy and palliation subgroups were analysed (Table 1 ). There were no significant differences in concentrations of sTGF-β1 between patients with unresectable and resectable tumours.
The associations between sTGF-β1 levels and gender, age and cancer TNM status in oesophageal cancer are presented in Table 2 . Serum levels of TGF-β1 tended to increase with increasing stage of cancer (p = 0.051 for stage IV vs. stage I + II).
The concentration of sTGF-β1 was significantly higher in T4 than in T1 + T2 primary tumour extension. No significant differences in sTGF-β1 concentrations were observed in a reference to patient's age, or regional and distant metastases.
We observed significantly higher sTGF-β1 levels in men than in women (Table II) . However, the co-examination of gender and the disease stage revealed that gender was not an important factor affecting sTGF-β1 levels (p < 0.05).
The resection of the tumour resulted in the reduction of sTGF-β1 concentration in 74% (30/41) of patients, markedly decreased (>10% of baseline value) in 61% (25/41) of patients. Median sTGF-β1 decreased from 56.8 ng/ml (46.9-68.6) before surgery to 45.8 ng/ml (37.8-62.0) after surgical tumour resection (p = 0.002) (Fig. 1) . However, the concentration of sTGF-β1 following the oesophagectomy remained higher than in the control group (p < 0.001).
We observed a significant overall correlation between sTGF-β1 and sVEGF-A, which, however, depended on cancer progression. Statistically significant correlation was observed in patients treated by palliation, but not in patients treated by oesophagectomy (Table 3) .
Discussion
Tumour cells acquire resistance to TGF-β1 inhibitory effect and the excess of this cytokine may result in stimulation of angiogenesis, extracellular matrix production and immune suppression [1] [2] [3] [4] [5] . Some studies have reported that levels of TGF-β1 were significantly elevated in the serum or plasma of patients with liver [17] , breast [18] , lung [19, 20] , and oesophageal cancers [21, 22] . In the present study we observed significantly higher sTGF-β1 levels in ESCC patients as compared to the controls.
Some studies have reported that there was no relationship between sTGF-β1 levels and disease progression [14, 21] . However, in our study, serum levels of TGF-β1 tended to be higher in advanced oesophageal cancer than those in stage I and II. Similarly, other authors have reported an association between sTGF-β1 concentration and cancer progression [7, 23] . An relationship with disease progression has been also reported in oesophageal carcinoma [22, 23] . These results indicate that TGF-β1 may play a crucial role in oesophageal cancer development. It can be hypothesized that the circulating TGF-β1 in patients with ESCC is elevated, although this did not always result in significant relationship between tumour stage and sTGF-β1 levels.
Our studies on association between sTGF-β1 levels and clinical variables showed that the sTGF-β1 concentrations Data were compared using Mann-Whitney U test, *statistically significant Table 1 . Concentration of serum TGF-β1 in total ESCC patients, oesophagectomy and palliation groups and control group are significantly higher in T4 than T1 + T2 primary tumours extension. These data are consistent with previous ones [21, 22] demonstrating, that plasma TGF-β1 level in ESCC patients has been increasing along with the tumour progression. A similar relationship has been found between tissue TGF-β1 level and depth of tumour invasion in gastric and lung cancers [7, 12, 24] . Our results suggest that an increase in sTGF-β1 concentration is associated with tumour progression in patients with ESCC. The reasons for the rise in sTGF-β1 in oesophageal cancer are not clear. It has been shown that genetic mutation in the TGF-β1 signaling pathway could lead to prooncogenic effects during tumourigenesis and the production of TGF-β1 by tumour and surrounding stromal elements [25] . This might imply that an elevated sTGF-β1 level can be caused by the secretion of TGF-β1 into the blood from tumour or surrounding tissues [24, 25] .
Our previous studies analyzing the relation between sVEGF-A and clinicopathological findings in gastroesophageal cancer patients have demonstrated that the presence of VEGF-A in ESCC was associated with enhanced tumour extension [16, 26] . This may indicate that VEGF-A, similar to TGF-β1, has a potential to contribute to tumour growth in ESCC. This is in accordance with study of Kitadai et al. [27] where VEGF-A was reported to be associated with increased tumour vascular density. VEGF-A acts as a selective mitogen for endothelial cells and can induce tumour development and progression in oesophageal cancer [28, 29] .
In this study we demonstrated the relation of sTGF-β1 with angiogenic sVEGF-A in ESCC, especially in advanced stages of the disease. Our study is in agreement with studies showing the dynamic overexpression of TGF-β1 in the latest phase of cancer progression to be connected with the angiogenic processes and the up-regulation of VEGF-A [28, 30] . Accordingly, Xiong et al. [10] found that the expression of TGF-β1 was positively correlated with the expression of VEGF in colorectal cancer. In vitro study of Noma et al. [5] showed, in turn, that TGF-β1 could regulate angiogenesis through the release of VEGF from the fibroblasts. To our knowledge this is the first report analysing differences between concentrations of sTGF-β1 in patients with ESCC before and after oesophagectomy. Our results showed that sTGF-β1 level which was elevated preoperatively, significantly decreased after surgical resection of the tumour in a majority of patients. This might imply that primary tumour is an important source of circulating TGF-β1. However, sTGF-β1 levels remained elevated in almost half of the patients. Moreover, the concentrations in those who experienced sTGF-β1 reduction following oesophagectomy were higher than found in healthy subjects. These observations suggest that host cells might significantly contribute to sTGF-β1 elevation. It is also possible that non-detected lymph node metastases and/or micrometastases can induce secretion of TGF-β1 in postoperative patients. The clinical relevance of this finding is that it may hamper the possible application of sTGF-β1 determination in patients monitoring for the disease recurrence. Further studies are needed to evaluate the utility of this cytokine as possible marker of ESCC.
Based on our studies, it seems likely that serum TGF-β1 levels may be useful as diagnostic tool for the presence of ESCC. It remains possible, that altered serum levels of this cytokine participates in disease progression, rather than acting as a possible marker after surgical resection of tumour. The role of sTGF-β1 in ESCC growth and prognosis remains to be elucidated. Further studies with larger groups of patients and analysis of TGF-β1 levels in other blood fractions (circulating lymphocytes, platelets) are necessary to conclude whether this cytokine have any prognostic value in patients with oesophageal cancer.
